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SUMMARY 

A primary objective of this effort was to provide operational data for 
establishing future short takeoff and landing (STOL.) aircraft design cri- 
teria.    To accomplish this end, two OV- 1A aircraft were selected that 
were participating in air-assault maneuvers.    Approximately 200 hours of 
flight data were recorded within approximately 10 weeks.    The parameters 
recorded were:   airspeed, altitude, outside air temperature, and accelera- 
tion at the aircraft center of gravity.    In addition,   supplementary data 
were  collected on the type of mission and gross weight of the aircraft. 
These data are presented as several frequency-of-occurrence forms, 
exceedance curves,  and gust spectra. 

Ill 
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INTRODUCTION 

A 203.9-hour statistical sample was collected on two operational aircraft 
of the 1st Cavalry Division, Airmobile (formerly 11th Air Assault Divi- 
sion).    The data were recorded primarily in the maneuver area around 
Lugoff, South Carolina, from 9 September until mid-November 1964.    The 
data recorded consisted of four parameters:   airspeed,  altitude, outside 
air temperature,  and acceleration at approximately the aircraft center of 
gravity.    In addition,  supplementary data consisting of barometric pres- 
sure, ambient temperature,  and gross weights of the aircraft before and 
after the flight were collected for each flight.    The types of missions flown 
were as follows: 

Mission I:   Tactical training,  assault force mobility,  combat support 
mobility, aerial command post,  reconnaissance - general,  screening/ 
surveillance, air escort,  combat service support,  and test flights. 

Mission II:   Fundamental training,   radio relay,  messenger, photo, 
and administrative. 

The data were presented in several frequency-of-occurrence forms: 

1. Diagram and tabulation of maneuver load factors versus equivalent 
airspeed,  average time per flight, and so forth. 

2. Histograms showing the percentages of flight time spent in se- 
lected ranges of the recorded parameters. 

3. Exceedance curves showing the number of hours required to reach 
or exceed both maneuver and gust normal load factors. 

In addition,   for each incremental gust-induced acceleration above 5 feet 
per second,  a gust velocity was derived; from these results,  a gust spec- 
trum was plotted and a tabulation was made of altitude versus derived gust 
velocity. 

OBJECTIVES 

The primary objectives of this program were: 

1.      To provide operational data for establishing future STOL aircraft 
design criteria. 



  

\ 

2. To accumulate a minimum statistical sample of 200 flight hours 
of valid OV- 1A operational data. 

3. To present this information in a form for use by aircraft de- 
signers depicting U.  S. Army field usage. 

4. To perform limited preliminary analysis on these results. 

METHOD 

Two OV- 1A aircraft were selected to obtain a minimum statistical sample 
of 200 flight hours of operational data.    The aircraft were property of the 
226th Aerial Surveillance and Escort Battalion of the 1st Cavalry Division, 
Airmobile.    The maneuvers conducted from September until mid-November 
1964 were of particular interest in that combat was simulated using the 
most advanced operational air-assault tactics.    The two aircraft monitored 
during this maneuver were armed and flown on missions of low-level troop 
fire support and helicopter escort in addition to more routine missions. 

Figure 1 is a schematic showing the instruments used to record continu- 
ously the parameters of altitude, airspeed,  outside air temperature, and 
acceleration at the aircraft center of gravity.    Calibrations were per- 
formed on all transducers as follows: 

1. A "turnover" of ±lg was performed on the accelerometers in the 
field. 

2. The altitude and airspeed transducers were connected to the air- 
craft Pitot-static system, and the entire system was recalibrated 
with a pressure standard in the field. 

3. The temperature gauge was calibrated with a standard mercury- 
in-glass thermometer after installation. 

Reference  channels recorded along with the operational data included two 
mechanical reference traces timing marks at 1 pulse per second and a 
voltage monitor trace.    The bridge balance unit was used for balancing 
each circuit prior to each flight and for inserting a fixed calibration signal 
on each analog channel per record.    The chart speed was approximately 
4 inches per minute, which allowed recording of up to 7-1/2 hours of flight 
time per 150-foot roll of oscillographic paper.    The recording system was 
wired to start when the engine ignition switch was turned on and stop when 
this switch was turned off. 
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When approximately 7 hours of flight time had been recorded,   the record 
was removed,  developed in the field,  marked,  and sent to the data reduc- 
tion facility at Technology,  Inc. ,  Dayton,   Ohio. 

At Technology,  Inc. ,   the data were scanned a second time for validity, 
and each record was converted to computer cards by using the semi- 
automatic Benson-Lehner Oscar K data readers.    The basic methods of 
reducing the data involved reproducing the analog traces by reading the 
records at varying time intervals not exceeding 2 minutes of flight,  de- 
pending on the activity of the particular trace.    In addition, whenever an 
acceleration reading peaked outside of the ±0.25g threshold,  all traces 
were read at that instant.    These tabulations were converted to magnetic 
tape and combined with a computer program to obtain the print-outs in 
this report. 

The most interesting calculation was that of derived gust velocity (U,   ) 

for each gust-induced acceleration.    The equation used was as follows: 

1. 1850 W n„ 
Ude = —' m p0 S Ve Kg 

where Ujjg = derived gust velocity,  feet per second 

W = gross weight,  pounds 

4 nz = incremental gust load factor = nz -1.0 

m = lift curve slope (per radian) = +4.86 

P0 = sea level density = 0. 0J23779 slugs per cubic foot 

S = wing area = 330 square feet 

Ve = equivalent airspeed,  knots 

Kg = gust factor,   defined as follows: 

O.SS/I _ 
K 

g       5.3 +u 

and 

g 
2W/p   ^o 

m<7 <  S g 



where 

g = dimensional  constant = 32. 174 
feet per second squared 

O - density ratio p/p0 

c = mean aerodynamic chord = 8. 15 feet 

P - density,   slugs per cubic foot 

Substitution of the constant values into the equation for Ujjg yielded 

Ude = (938.35a+ 0.3531W) 7" 
*e 

At the conclusion of the 200-hour data collection on the OV-1A,  the 
instrumentation was removed and modified for use on other U.  S.  Army 
aircraft. 

RESULTS 

Results of this program are shown in Figures 2 through 18 and in the com- 
puter print-out tables in the appendix of this report. 

In order to compute only gust velocities,  U^g,  over a 5-foot-per-second 
threshold,  a ±0.25g limit was set for reading changes in vertical accel- 
eration.    Values of U^g were derived primarily from changes in vertical 
acceleration.    It is possible that not all U^g's above this threshold were 
derived,   since a combination of high gross weights accompanied by mini- 
mum airspeeds and low altitudes could have resulted in small changes in 
vertical accelerations,  in spite of some significant gusts.    As a result, 
the gust spectra presented in this report may be biased for Ujjg ranges 
below an estimated 20 feet per second. 

Figures 2 through 13 are briefly described in the following: 

Figure 2 shows a diagram and a tabulation of nz data.    The symbols 
in this figure denote the number of maneuver load factors in combina- 
tions of airspeed and load factor ranges.    The design limit load factor 
of 7. 33g was not exceeded in the data collected during this program. 
Mission I flights comprised nearly two-third« of all flights,  and Figure 
3 shows that the average time per flight was longer for Mission I than 

—*»<- 
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AVERAGE   TIME PER   FLIGHT 

Figure 3.    Average Time per Flight by Mission Types. 

for Mission II.    The percentages of flight time spent at selected air- 
speeds are presented in Figures 4 and 5. 

Mission I flights are, in general,  characterized by a faster accele 
tion to the cruise airspeed and a larger percentage of time at the 
cruise value than Mission II flights.    Over 50 percent of the time c 
Mission I flights is spent in the 175- to 200-knot airspeed block; 
nearly 40 percent of the time of Mission 11 flights is spent in the 150- 
to 175-knot airspeed block. 

The percentages of flight time spent at selected altitudes (Figures 6 
and 7) show a very distinct difference between missions.    Over 88 
percent of the Mission I flights fall in the altitude range of from 0 to 
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2, 000 feet, and 50 percent of the Mission II flights fall in the range 
of from 2,000 to 5,000 feet.    This is to be expected,  since Mission I 
flights are mainly of a ground support and surveillance type,  whereas 
Mission II flights contain a large amount of cross-country flying that 
takes place at generally higher altitudes.    A major result of the low- 
altitude flying of Mission I is that over three times as many gusts 
were encountered during this mission as during Mission II. 

The percentages of flight time spent in selected gross weight ranges 
shown in Figures 8 and 9 indicate no definite difference between mis- 
sions.    Both missions had a majority of time in the gross weight 
range of from 13,000 to 14,000 pounds.    The largest takeoff gross 
weight for both missions was 15,269 pounds. 

Figure 10 presents the percentages of flight time spent in selected 
outside air temperature ranges and indicates that the majority of 
time was spent between the temperatures of 50° and 80° F. 

The normal acceleration of the aircraft center of gravity for maneu- 
vers is given as both the normal load factor,  nz,  and the equivalent 
normal load factor,  n_   .    The equivalent normal load factor is defined 
as follows: 

n_     = W z 1 e        .   nz, 

where 

nz =  normal load factor 

Wj =  instantaneoub gross weight 

W^ = design gross weight =11, 715 pounds 

For both nz and nz ,  the values recorded during Mission I were more 

severe than those recorded during Mission II.    Four nz peaks above 

4.25g and two nz    values above 4.75g were recorded.    Their  cor- 
e 

responding values of airspeed,  altitude,  and gross weight are listed 
in Table I. 

10 



ob 
i 
> 
O 

»••••••••••••a 

»••••••••••••a •••••••••••••• 

•••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• 
•••••••••• •••••••••• 

I nrnmrnmrnimrmTTomfmimrmmi 
.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••I 
••••••••••#•••••••••••••••••••••••••••••••••••••••••••••••••••••••1 

•••••••••••••••••••• •••t 
•••••••••••••••••••••••a •••••••••••••••••••••••• 
••••••••••••••••••••••a» •••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••• 
•••••••••••••••••a*•••••••»••••!• ••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••a 
•••••••••••••••••••a«••••••••••t* ••••••••••••••••••••••••••••••••• 

CVJ 

••••••••••I 
••••••••••I 
••••••••••I 
••••••••••I 
••••••••••I 

••••••••••I 

 »I»iimitiH»»»T»i» mmwrntw 

••••••••••••••••••••••••••••••••••••a 
••••♦•«•••••••••»♦•••••••••••♦••••••• 
••••••••••••••••••••••••••••••••••••a 
•»•••••••••••••♦♦•••••••••••••••••••« 
••••••••••••••••••••••••••••••••••••a • •••••••••••••••••••••••##*••••••*••< 

::::::::::::::::::::::::::::::::::::: 

(O 

Z 
o 

2« 

ro 

o 8 o o 
ro 

O 
<M 

<M 

n 
i 

O 

Z 

UJ 

«n 

O 
tr 
o 

u 
3 
öß 

Ö 
0 

0 CO 
tn 

•I-I O S 
Ui T3 1 

Ml 

0 ■i-> 
u (1) a; M 

C 
flj 

rt rn 
*J ri 
C • r-t •«-> 
(U X 
u 
V 

C 

a 
• H 
(1) 
s. 

lN3083d'3Hll 

•••••••••••••••a 

O 

*»><«<<♦>♦»♦»♦» 
TCTCTWTTCS^^S nrmrnmrrmm 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••I • •••••••>*•**••••••#••••••••••••ftft* ft« •••••• *••••*«••••••••••«••••! 
• •••••••«••••••••••••••••••••••••••••••••••••••••••••••••••••••••a 

••••#••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••< ••••■••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••I ••••••••••••••••••••••••••••••••••ft ••••••••••••••••*••••••••*••••■ •••ft ••••••••ft •••••••• ■••••ft ft •••••••••••••••••••••••••••••••••••••« 
••••••••••••••••••••••••••••••••••••••••••••••••••••••■••••••••••a 

*"""'wwwiwwwww»t«'«.\\;H«,}H ••••••••••••••••#•••••••••••••••••••••••••••••••••••••••• •••••••••••••••••ft»ft•••••••••••ft••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••A 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••a ••••••••••«»•••••••••••••ft•••••••••••••••••••••••••*••••• ••••••••••••ftft••••••••••••••••••••••••••••••••••••••••••• • ••••••••«••ft ••••••••«••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••ft • ••••••••••••••••••••••••••••••••••••••••••■'••••••••••••• ••••••••••••••••••••••••••••••••••••••••••••••••••*•••••• ••••••••••••••••••••••••••••••••• «ft »ft • ••••••••«•••••••••• 
•••••••••••••••••••••ftftftftft««**^ ••••••• ••••••••••■•••••••• •••••••••••••••••••••••••••••••••••••••••••ft •••••ft ••••••• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••«••••••••••••••••••••••••••••••«•••••••••••••••••••••• 

z 
o * 

S!2 

n •••••• •••••• 
••••• 
•••••• 
:••••■ 
••••i •••••■ 

•••••i 
•••••« 

io 

<\j 

m 
I 

O 

I 

«n 
O 

o 

o o o O 

(Ü 

S     M 

(0 
(0 
0 

0 
• H 
(0 
en 

00  ,•„ .H 
^ ü 2 

0   u ^ 
to JU M 
OJ   « C 
ÖOco rt 

«» « 
•2   0 
0)   ^ JS 
o   c M 

ft  CO ^ 

00 

0) 

3 

lN30U3d '3*111 

11 



50 

203.9    HR. OV-IA 

40 

30 

e 
jjT  20 

29.53 

26.60 

24.25 

10 

5.04 

0.08 
I •«••«••••■>' 

T • •*•• • •••• • •••• • •••• • •••• • •••• • •••• • •••• • «••• 

■ ■■■ • ••• • ••• • ••• • ••• • ••• • ••• • ••• • ••• • ••• • ••• 

••••••••»« •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••# •••••••••• •••••••••• •••••••••• •••••••••• ••••••*••• •••••••••• •••••••••• 
•••••••tt» •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• 
•••••••■•• •••••••••• •••••#•••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••*•• •••••••••• •••••••••• 
)•••••••••• 

••••••••• 

•••••••• •••••••• •••••••• •••••••• •••••••• 
«••••••t •••*•••• 

•#•••••• •••••••• 
#••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •!•••••> •••••••• •••••••• •••••••• •«•••••* •••••••• •••••••• 
•••••••• •••••••• •••••••• !••••••• •••••••• •••••••• •••••••• •••••••• 

•••••••• !••#•••• 
•tf#•#•• •••••••• •••••••• •##••••• 
•••••••• •••••••• •••••••• •••••••• •*«••«•# 

itnntnuy • • 

10 20 30       40 50 60 70 
OUTSIDE   AIR TEMPERATURE , 0F 

14.50 

»HS. 

• ••< • ••< >••« • ••• 
• ••i • ••• • ••• • ••• ■ ••< 
• ••i • ••• >••< 
• ••i 
• ••i 
• ••i • ••• • ••• »••• • ••• • ••• 

liir 

80 90 

Figure  10.    Percentages of Flight Time Spent in 
Selected Outside Air Temperature 
Ranges  -Composite for All Missions. 



TABLE I 
HIGH VALUES FOR nz 

nz % 

Airspeed 
(Knots) 

Altitude 
(Feet) 

Gross Weight 
(Pounds) 

4. 18 4.94 211 888 13,841 

4.25 4.37 203 1,000 12,082 

4.27 4.73 203 927 13,758 

4.28 4.51 215 828 12,330 

4.34 4.97 226 1,500 13,418 

All values were recorded during Mission I.    The highest nz block 
reached during Mission II was from 2.25 to 2. 75g, which had four 
points recorded; the highest nz    block was from 2.75 to 3.25 g, 

which had one point recorded. 

Maneuver load factor exceedance curves indicating the time required 
to reach or exceed given maneuver load factors are presented in 
Figures 11 through 13.   The exceedance values for Mission I are con- 
siderably more severe than those for Mission II.   Figures 14 through 
16 show the equivalent maneuver load factor exceedance curves and 
indicate that the exceedance values are more severe for Mission I 
than for Mission II. 

The distances in nautical miles required to reach or exceed given 
derivedgust velocity values for selected altitude ranges are given in 
Figare 17.    Of the 54,255 Ujjg occurrences tabulated,   5,815 were 
within the threshold of - 5 to +5 feet per second.    The two highest 
U^g's recorded were between 30 and 35 feet per second.    The gust 

spectrum presented in Figure 18 is based on U.   S.  Air Force data 
and is used as a standard by the U. S. Air Force. *   It provides a 
basis of comparison for the OV- 1A gust spectrum. 

I'Erwin Joseph, The Spectrum of Turbulence for Aircraft Fatigue 
Analysis,  WCLSSC-10 Memorandum, Wright-Patterson Air Force 
Base,  Ohio,  July 1959. 
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DISTRIBUTION 

US Army Materiel Command 5 
US Army Mobility Command 5 
US Army Aviation Materiel Command 4 
United States Continental Army Command,  Fort Rucker                              2 
US Army Aviation Materiel Laboratories 29 
US Army Limited War Laboratory 1 
US Army Human Engineering Laboratories 1 
US Army Research Office-Durham 1 
US Army Test and Evaluation Command 1 
Plastics Technical Evaluation Center 1 
US Army Medical R&D Command 1 
US Army Engineer Waterways Experiment Station 1 
US Army Combat Developments Command,  Fort Belvoir 2 
US Army Combat Developments Command Experimentation 

Command 3 
US Army War College 1 
US Army Command and General Staff College 1 
US Army Aviation School 1 
US Army Quartermaster School 2 
US Army Infantry Center 2 
US Army Aviation Maintenance Center 2 
US Army Armor and Engineer Board 1 
US Army Electronics Command 2 
US Army Aviation Test Activity 2 
Air Force Flight Test Center,  Edwards AFB 2 
US Army Field Office,  AFSC,   Andrews AFB 1 
Air Force Flight Dynamics Laboratory, Wright-Patterson AFB 1 
Systems Engineering Group (RTD), Wright-Patterson AFB 2 
Bureau of Ships, DN 1 
Bureau of Naval Weapons,   DN 6 
Office of Naval Research 2 
Chief of Naval Research 2 
US Naval Research Laboratory 1 
David Taylor Model Basin 1 
Marine Corps Liaison Officer,   US Army Transportation School 1 
Ames Research Center,   NASA 1 
Lewis Research Center,   NASA 1 
Manned Spacecraft Center,   NASA 1 
NASA Representative,   Scientific and Technical Information 

Facility 2 
Research Analysis Corporation 1 
NAFEC Library (FAA) 2 
US Army Board for Aviation Accident Research 1 
Bureau of Safety,  Civil Aeronautics Board 2 
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US Naval Aviation Safety Center 
Federal Aviation Agency, Washington,  D.   C. 
Civil Aeromedical Research Institute,  FAA 
The Surgeon General 
Defense Documentation Center 

1 
1 
2 
1 

20 
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APPENDIX 

FLIGHT DATA PRINT-OUTS 

An explanation of Tables II through XVI follows: 

1. All tables are computer print-outs. 

2. All times are shown in minutes unless otherwise specified. 
Values of time are rounded off to the nearest one-tenth of a 
minute. 

3. Tables having no points or no time are not included. 

4. The range codes for the various parameters are as follows: 

OUTSIDE AIR TEMPERATURE 
(0F) 

Code Range 

Less Below 0 
0 0 to 10 

10 10 to 20 
20 20 to 30 
30 30 to 40 
40 40 to 50 
50 50 to 60 
60 60 to 70 
70 70 to 80 
80 80 to 90 
90 Above 90 

WEIGHT 
(Pounds) 

Code Range 

Less Be low 10, 000 
10,000 10, ,000 to 11,000 
11,000 11, ,000 to 12,000 
12,000 12, ,000 to 13,000 
13,000 13, ,000 to 14,000 
14,000 Ab ove 14,000 

AIRSPEED 
(Knots) 

Code Range 

Less Below 75 
75 75 to 100 

100 100 to 125 
125 125 to 150 
150 150 to 175 
175 175 to 200 
200 200 to 225 
225 Above 225 

ALTITUDE 
(Feet) 

Code Range 

Less Below 1,000 
1,000 1. 000 to 2,000 
2,000 2, 000 to 5, 000 
5,000 5, 000 to 10,000 

10,000 10, 000 to 15,000 
15,000 15, 000 to 20,000 
20,000 20, 000 to 2 5,000 
25,000 Above 25,000 

24 



u de 
(Feet per Second) 

DELTA nz (nz-1.0), MANEUVER nz, AND 

EQUIVALENT MANEUVER n, 

Code R_ ange 

Less Below -40 
-40 -40 to -35 
-35 -35 to -30 
-30 -30 to -25 
-25 -25 to -20 
-20 -20 to -15 
-15 -15 to -10 
-10 -10 to    -5 
-5 -5 to      0 

0 0 to      5 
5 5 to    10 

10 10 to    15 
15 15 to    20 
20 20 to    25 
25 25 to    30 
30 30 to    35 
35 35 to    40 
40 40 to   45 
45 Above 45 

'Ze(g) 

Code 

Less 
-1.25 
-0.75 
-0.25 
0.25 
0.75 
1.25 
1.75 
2.25 
2.75 
3.25 
3.75 
4.25 
4.75 

Range 

Below -1.25 
-1.25 to -0.75 
-0.75 to -0.25 
-0.25 to    0.25 
0.25 to   0.75 
0.75 to    1.25 
1.25 to    1.75 
1.75 to   2.25 
2.25 to   2.75 
2.75 to    3.25 
3.25 to    3.75 
3.75 to   4.25 
4.25 to   4.75 

Above 4. 75 

An explanation of the print-out code shown on the left of the tables follows: 

For the letters MMWA,  the first M represents the model,  the second 
M represents mission,  W represents weight,  and A represents alti- 
tude. 

The first numeral represents the model number.    (There was only one 
model during this data collection,   so the model number is always  1.) 

The second numeral represents the mission number.    (There were 
two missions during the collection,  numbered 1 and 2.) 

The letters A through F are the weight codes as follows: 

A - below 10,000 pounds 

B -   10, 000 pounds 

C -  11, 000 pounds 

D -  12, 000 pounds 

E -  13, 000 pounds 

F -  14, 000 pounds 
25 
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